revealed that all isolates clustered within genotype 3 but differed in the subtype depending 36 on the hunting spot. Isolates clustered within genotypes 3i, 3h, 3f and 3e. Within one 37 population HEV isolates were closely related, but social groups of animals in close 38 proximity might be infected with different subtypes. Two full-length genomes of subtypes 39 3i and 3e from two different geographic regions were generated. The wild boar is discussed 40 as one of the main sources of human autochthonous infections in Germany. 41 42
four different German regions. The samples were tested for HEV RNA by quantitative PCR 28 (qPCR) and anti-HEV IgG antibodies by two different ELISAs and a Line immunoassay. A 29 seroprevalence of 29.9% using ELISA and 26.2% in the Line immunoassay was 30 determined. The seroprevalence rate varied greatly within the analysed regions. However, 31 qPCR analysis revealed a higher prevalence of 68.2% positive animals with regional 32 differences. Surprisingly, also adult wild sows and wild boars were highly HEV positive by 33 qPCR. Compared to liver and serum samples, bile samples showed a higher rate of positive 34 qPCR results. Sequencing and phylogenetic analysis of a 969 nt fragment within ORF 2 35 revealed that all isolates clustered within genotype 3 but differed in the subtype depending 36 on the hunting spot. Isolates clustered within genotypes 3i, 3h, 3f and 3e. Within one 37 population HEV isolates were closely related, but social groups of animals in close 38 proximity might be infected with different subtypes. Two full-length genomes of subtypes 39 3i and 3e from two different geographic regions were generated. The wild boar is discussed 40 as one of the main sources of human autochthonous infections in Germany. 41 42 Keywords: swine Hepatitis E virus, qPCR, serology, phylogenetic analysis, full-length 43 genome sequence 44 M a n u s c r i p t 7
Quantitative HEV detection

118
A real-time PCR (qPCR) assay using 5' nuclease probes (TaqMan® probes) with primer 119 combination HEV_F/R/TM (Table 2 , (Adlhoch et al., 2009) ) was established in this study 120 which should be able to detect all known HEV genotypes and to determine the copy 121 numbers of HEV genomes. The reverse primer HEV_R is the modified published primer 122 HE040, and the probe HEV_TM overlaps with HE041 (Mizuo et al., 2002) . The Platinum® 123
Taq DNA polymerase kit, MgCl 2 and dNTPs by Invitrogen (Carlsbad, CA, USA) and water 124 (Molecular Biology Grade Eppendorf) were used in this assay. qPCR reactions were 125 performed in a final volume of 25 µl with 10xbuffer, 4 mM of MgCl 2 , dNTP 0.2 mM each, 126 0.3 µM of each primer, 0.1 µM of probe, ROX 0.1 µM and Platinum® Taq 0.5 U. General 127 reaction conditions for the real-time PCR assay were 95°C for 15 min and 45 cycles with 128 95°C for 15 sec, 60°C for 35 sec. Reactions were run in an ABI GeneAmp® 7500 129
Detection System (Applied Biosystems). The PCR product was cloned into vector pCRII 130 (Invitrogen) and purified using NucleoSpin® Plasmid (Macherey-Nagel) following the 131 manufacturer's instructions. The generated plasmid pHEV_RKI containing a 121 nt 132 fragment of the related region from the isolate HEV_RKI (FJ956757, (Adlhoch et al., 133 2009)) was quantified by measuring the DNA concentration at 260 nm. The plasmid was 134 serially diluted in water containing -DNA (1 ng/µl) 10fold from 10 6 copies to 10 copies 135 and used as standard for the quantification of viral genomes. Copy numbers were 136 determined using a standard curve; the mean and standard deviation were calculated. The 137 detection limit was calculated to be 10 copies of cDNA per reaction. For real-time PCR 138 each sample was analysed in duplicate. 139
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Amplification controls
140
The porcine β-actin gene was used as internal preparation and amplification control 141 (Chmielewicz et al., 2003) . The plasmid pActin containing the corresponding fragment of 142 porcine β-actin was used for standardisation. An additional control for RNA preparation, 143 cDNA synthesis and PCR amplification was applied for all samples tested negative or 144
showing low copy numbers of β-actin. Briefly: the original samples were spiked with 10 µl 145 of a Mammalian Reovirus 3 virus stock (MRV3, strain Dearing ATCC VR-824™) with a 146 titre of 3.2 x 10 7 TCID 50/ml prior to RNA preparation. These cDNA samples were tested 147 with an established MRV3-specific qPCR using the published primers REOL3F and 148 REOL3R (Spinner and Di Giovanni, 2001) 17.4% between 1 and 2 years of age and 25.0% were adult animals with high copy numbers 216 mainly in liver and bile samples. Table 3B shows the age distribution of the HEV genome-217 positive animals with the respective region of hunting. A clear difference in the prevalence 218 of PCR-positive animals was observed: Whereas in samples from SA, RP and BB the HEV 219 prevalences were high (between 57.6% and 100%), only 22.2% of the animals from Baden-220
Württemberg (BW) were tested positive (Table 3A) . 221
Serology
222
Anti-HEV IgG was determined using a modification of two ELISA HEV kits (GL and MG) 223 and the newly established Line immunoassay (MG). Table 4 illustrates the results of the 224 serological assays for anti-HEV IgG. Anti-HEV reactivity was detected in 29.9% of the 107M a n u s c r i p t 12 serum samples using the ELISA assays, and 26.2% were reactive in the Line immunoassay. 226
Isolated reactivity was seen in 15 sera using GL ( isolates BB02 and BB19, only two divergent nucleotides were present (identity of 99.9%). 269
Isolates RP1658 and RP1752 also differed only in two nucleotides when comparing 998 nt. 270
The analysis of a 969 nt fragment showed a maximum identity of 99.4% (1-5 nucleotides 271 difference) between SA11, SA13, SA21, SA28 and SA34. Surprisingly, isolate SA29 272 showed a nucleotide sequence diversity of 14.8% (124 nucleotides) to all other isolatesM a n u s c r i p t 14 from SA. The full-length sequences of isolate SA 21 (subtype 3e) and BB02 (subtype 3i) 274 were generated to investigate the relationship to published European partial and full-length 275 sequences of porcine and human origin for a detailed molecular epidemiological analysis. 276
A genome sequence with a length of 7153 nt was generated for isolate SA21, whereas the 277 sequence for isolate BB02 was 7205 nt in length. Aligning these sequences with all full-278 length sequences from the database, isolate BB02 was most closely related to a Mongolian 279 pig isolate (swMN06-A1288), two human isolates from Japan (HE-JA10 and E097-280 OSA05C) and a mongoose isolate from Japan (JMNG-Oki02C). Furthermore, isolate BB02 281 was more closely related to the reference strain of Meng from US swine (AF082843, 282 (Meng et al., 1997) ) than to the pig strain from Sweden (Xia et al., 2008) and to the human 283 isolate HEV_RKI (FJ956757, (Adlhoch et al., 2009 )) of subtype 3f from Germany. Isolate 284 SA21 matched with pig sequences of genotype 3 from Japan (swJ8-5, swJ12-4) and 285
Mongolia (swMN06-C1056) as well as with a human isolate from Japan (E116-YKH98C). 286
Furthermore, SA21 was more closely related to the European isolates than to the reference 287 strain from the US. 288 M a n u s c r i p t 
Discussion
290
Limited information on the prevalence of HEV in pigs and wild boars in Germany is 291 available. In European countries an HEV seroprevalence of 40 to 80% and a genome 292 prevalence of 20 to 50% were reported for pigs in commercial farms and wild boars (de 293 Deus et al., 2008; de Deus et al., 2007; Di Bartolo et al., 2008; Martelli et al., 2008; Reuter 294 et al., 2009; Seminati et al., 2008) . Using the highly sensitive qPCR developed for the 295 investigations presented here, a high prevalence of HEV RNA-positive animals (68%) was 296 determined in wild boars hunted in different parts of Germany, while only 24.3% of the 297 samples were reactive in serological tests (ELISA and Line immunoassay). Serological data 298
showed a very high prevalence of HEV infections in SA, a low prevalence in RP and BB 299 and no reactivity for the wild boar population in BW. No age dependency was observed. 300
Only 3% of the samples with isolated reactivity in the MG ELISA were negative for HEV 301 RNA, whereas 25% of the samples revealed isolated reactivity without detectable HEV 302 RNA in the GL ELISA. Although the two different ELISAs contain only HEV antigens of 303 the genotype (gt) 1 or 1 and 2 (GL: gt1 and gt2, MG: gt1), the MG ELISA exhibited higher 304 specificity than the GL ELISA when analyzing the corresponding results with the Line 305 immunoassay as confirmation test, which in addition to gt1 contains gt3 epitopes. It is 306 unclear whether the differences between the two IgG ELISAs can be explained by 307 differences in the strain-specific antigenic domains present in the assays and need further 308 validation. Although the commercial test systems were developed for the detection of 309 human antibodies, an efficient cross-detection of swine and human anti-HEV antibodies 310 was previously shown (Engle et al., 2002) . The lower seroprevalence in contrast to the 311 qPCR results determined in this study might be due to a lower sensitivity of the antibody seroconversion cannot be ruled out. Although the sensitivity and detection limit of the 316 qPCR and the ELISA test systems seem to be critical diagnostic factors (Bouwknegt et al., 317 2008; Rutjes et al., 2007) , the regional different prevalence rates were seen correspondingly 318 in serological as well as in qPCR analyses. For a good qPCR performance a series of steps 319 e.g. RNA extraction of the different samples, cDNA synthesis and qPCR conditions were 320 optimised, and for the exclusion of influencing inhibitors on the assay system two 321 independent extraction and amplification controls (βactin and MRV) were included in the 322 qPCR regime. Accordingly, multiple differing serological test systems were applied in the 323 study. Surveying the four randomly selected independent regions within Germany, different 324 genetic subtypes (3e (SA), 3f (SA), 3h (BW) and 3i (BB and RP)) were found to be present 325 among German wild boar populations. The prevailing heterogeneity in the wild boar 326 population seems to correspond to the heterogeneity of HEV observed in domestic pigs in 327 Japan (Takahashi et al., 2003) . Within a given population the circulating HEV appears to be 328 stable, but animals in close proximity can carry different subtypes, as seen for the isolate 329 SA29. There was no information about the distance between the respective shooting places. 330
It can therefore be hypothesized that animal SA29 belonged to a different social group. As 331 also reported by others (de Deus et al., 2007) , bile samples were more frequently genome 332 positive and generally showed the highest genome titres. Interestingly, animals exhibiting 333 high copy numbers were found in all age groups. It can be assumed that HEV genome-334 positive animals are virus carriers. HEV genome prevalence associated with anti-HEV IgG 335
antibodies was mostly seen in animals younger than 1 and older than 2 years, whichM a n u s c r i p t Table 1 : Location of the hunting regions where wild boar samples were collected with 493 dates of sampling and coordinates 494 Table 2 : Primer and probe sequences with nucleotide position numbers in isolate Meng 495 (AF082843) used for qPCR, generation of partial and full-length sequences of HEV. 496 Table 3 : Detection of HEV RNA by qPCR in different samples from wild boars (A) with 497 age distribution (B) and region of collection. 498 Table 4 : Detection of anti-HEV IgG by ELISAs from Genelabs (GL) and Mikrogen (MG-499 E) and a Line immunoassay (Mikrogen, MG-L) in serum samples from wild boars collected 500 in different regions of Germany. 501 M a n u s c r i p t 3 
